
US 20090002838A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0002838A1 

Yokoyama et al. (43) Pub. Date: Jan. 1, 2009 

(54) VARIFOCAL LENS DEVICE (30) Foreign Application Priority Data 

(76) Inventors: Kazuo Yokoyama, Osaka (JP); Aug. 10, 2006 (JP) ................................. 2006-218235 
Atsushi Ono, Kyoto (JP) Publication Classification 

(51) Int. Cl. 
Correspondence Address: GO2B 3/14 (2006.01) 
WENDEROTH, LIND & PONACK L.L.P. GO2B I/06 (2006.01) 
2033 K. STREET, NW, SUITE 800 (52) U.S. Cl. ........................................................ 359/666 
WASHINGTON, DC 20006 US 

9 (US) (57) ABSTRACT 

(21) Appl. No.: 12/160,125 A first liquid and a second liquid are sealed in a cell, and the 
first liquid and the second liquid are not mixed with each 
other, and have different refractive indexes, with the interface 

(22) PCT Filed: Aug. 3, 2007 of the two liquids being remained stationary by an edge 
portion of a movable opening member that is made in contact 

(86). PCT No.: PCT/UP2007/065276 with the interface of the two liquids so that an actuator that is 
coupled to the movable opening member controls a shape of 

S371 (c)(1), the interface of the two liquids by driving the movable open 
(2), (4) Date: Jul. 7, 2008 ing member. 

9 Y 
54 11 54 
1412A 

13 31 

2.É. Säxix&2 -7), SGS O 2 82ESSS23: Š33% 
aA S KY SS says 

30 

  

    

  



Patent Application Publication Jan. 1, 2009 Sheet 1 of 11 US 2009/0002838A1 

54 11 54 

14-12A t 13 3th 
NNNNNNNSYNNASA; Ni Ni NXSYNY-13 
2 & &2 -7 3. 3?." 

NSNSNYNY'YVYKSYYYYYYY 
3O W 5B 30 

Fig. 1B 
11 

l -13 31 12B VSNSN Ny NSS NYSN (nin an any NSN 
2&Eä 2 7 i3 is is 3 (of 

V 5B 30 

    

  

  

  

  

    

  



Patent Application Publication Jan. 1, 2009 Sheet 2 of 11 US 2009/0002838A1 

  



Patent Application Publication Jan. 1, 2009 Sheet 3 of 11 US 2009/0002838A1 

12A 
14 13 13 

12B 

Fig.1E 
? B23B 3A B1 1. 6 2 4 3B B. 

7 14: 13-N2Yn-e Isny (2-13 3. 3.2% Ek ( %) S. (ES 
RYNANNNNNNNNNNNNNNN 

  

  

  



Patent Application Publication Jan. 1, 2009 Sheet 4 of 11 US 2009/0002838A1 

Fig. 2 

31 wr ur an - us us -rur a- - - - a - am - m us up a mo are m an aver an arm r - man as are as - . . . . . . . . . . . . . A a Ma - 
own m P - - - - - with h m ad a - w - w w as J up with 

ap a rur- - - a- - - - m -- - - m - - - - - - 

am app as um - an a mi no unn ham amon m - ill 

SS 2 a 4. 

4. 

a - what 

T a a na um no sa 

2OB 40A 21 

  

    

  



Patent Application Publication Jan. 1, 2009 Sheet 5 of 11 US 2009/0002838A1 

& si3A% GASSZZ - 
SSN, NESN Sr SSNSSNSS 

30 

Fig. 4 

2OA 4OB 22A 1 

  

  

  

    

  

  



Patent Application Publication Jan. 1, 2009 Sheet 6 of 11 US 2009/0002838A1 

Fig. 6 

SNNSSSSSSSS 

  

  

  

  



Patent Application Publication Jan. 1, 2009 Sheet 7 of 11 US 2009/0002838A1 

O 

O 
N 

S. 
U 

O 
v 

v 
r 

r 



Patent Application Publication Jan. 1, 2009 Sheet 8 of 11 US 2009/0002838A1 

Fig.8A 

4. f - 

r 1 4a 
5A 

Fig.8B 

Fig. 8C 
  



CD O) ()C) .S)• • LLLL 



Patent Application Publication Jan. 1, 2009 Sheet 10 of 11 US 2009/0002838A1 

  



Patent Application Publication Jan. 1, 2009 Sheet 11 of 11 US 2009/0002838A1 

g 

O 
O s 

  



US 2009/0002838 A1 

VARIFOCAL LENS DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a varifocal lens 
device, and more particularly, concerns a lens device that 
drives the shape of a liquid interface by using an actuator so 
that the focal point is variably adjusted. 

BACKGROUND ART 

0002 Alens device that allows one portion of a plurality of 
Solid-state lens combined with one another to move in a light 
axis direction has been known as a typical conventional vari 
focal lens device. In this system, however, since the moving 
distance in the light axis direction is limited, it is difficult to 
make the device thinner, and, for this reason, a varifocal lens 
that us as a liquid lens capable of achieving a thinner structure 
has been proposed. 
0003. With respect to the conventional varifocal lens that 
uses a liquid lens, a structure has been proposed in which a 
liquid droplet, formed by an interface between two liquids 
having different refractive indexes, is used is a lens, with one 
of the liquids being made to have an ion conductive property 
and the other liquid being made to lave an insulating property, 
and by applying a Voltage between an electrode placed on the 
interface of these two liquids and an opposing electrode 
placed in the ion conductive liquid, the shape of the droplet is 
changed. For example, Patent Document 1 has disclosed a 
liquid lens having this structure. Sucha change in the shape of 
the two-liquid interface upon application of a Voltage is made 
mainly based upon a driving principle in which the Surface 
tension balances of liquid/liquid/solid (electrode) interfaces 
made of the two-liquid interface and the electrode are 
changed by the Voltage application, and this phenomenon is 
referred to as an electro-wetting phenomenon. In a typical 
embodiment of Patent Document 1, the applied voltage is set 
to 250V, and a comparatively high Voltage application is 
required. 
0004 Moreover, Patent Document 2 has disclosed another 
varifocal lens device that utilizes the electro-wetting phenom 
enon. In an attempt to achieve Superior adjusting perfor 
mances of the lens shape upon application of a Voltage, this 
Patent Document has disclosed a structure in which, in order 
to reduce hysteresis and stick slip of the contact angle 
between the two-liquid interface, an insulating layer is 
formed on an electrode Surface, with a lubricating layer that 
contacts with the liquid interface being formed thereon. In 
one example of the embodiments of Patent Document 2, a thin 
film of highly fluorinated polymer is formed on a polyimide 
dielectric layer. The change in contact angle of the two-liquid 
interface is simultaneously accompanied by position shifts 
among the liquid/liquid/solid interface line; therefore, the 
controlling operations need to be executed on the Surface with 
sufficiently controlled wettability, and since the controlling 
operations depend on very small Surface tension balances, the 
resulting system has an issue of weakness to disturbance due 
to an external force. 

0005 Patent Document 1: Japanese Patent Publication of 
Japanese translation of PCT International Application No. 
2001-5.19539 
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0006 Patent Document 2: Unexamined Japanese Patent 
Publication No. 2003-177219 

DISCLOSURE OF INVENTION 

Issues to be Solved by the Invention 

0007. In the varifocal lens device utilizing the electro 
wetting phenomenon described in the Background of the 
Invention, since the controlling operations depend on very 
Small Surface tension balances, the resulting system has an 
issue of weakness to disturbance due to an external force. 

0008. Therefore, in order to solve the above-mentioned 
issues, an object of the present invention is to provide a 
Varifocal lens device that can maintain the shape of a liquid 
lens stably from disturbance due to an external force. 

Means for solving the Issues 

0009. In order to achieve the above-mentioned objective, 
the present invention has the following arrangements. 
0010. According to the present invention, there is provided 
a varifocal lens device comprising: 
O011 
0012 a second liquid that is capable of forming an inter 
face with the first liquid without being mixed with the first 
liquid, and has a refractive index different from that of the first 
liquid; 

a first liquid; 

0013 a cell in which the first liquid and the second liquid 
are sealed; 
0014 an opening member that is shiftable in the cell, while 
being made in contact with the interface between the two 
liquids, with the interface between the first liquid and the 
second liquid being remained Stationary by an edge portion 
thereof, and 
00.15 an actuator that is coupled to the opening member, 
for controlling a shape of the interface of the two liquids of a 
liquid lens formed in an opening portion of the opening mem 
ber by allowing the opening member to shift so that a position 
of a focal point of the liquid lens is variably controlled. 

EFFECTS OF THE INVENTION 

0016. As will be described below, in the present invention, 
the interface of the two liquids is remained stationary by the 
edge portion of the opening member that is kept in contact 
with the interface of the two liquids, and the actuator that is 
coupled to the opening member drives the opening member 
so as to control the shape of the interface of the two liquids so 
that the position of the focal point of the liquid lens is variably 
controlled, and in this structure, since the interface of the two 
liquids is remained stationary by the edge portion of the 
opening member, the shape of the liquid lens is effectively 
maintained stably from disturbance due to an external force. 
0017 Moreover, the varifocal lens utilizing the electro 
wetting phenomenon, described in the Background of the 
Invention, has the defect that a comparatively high Voltage 
application is required; however, in the present invention, 
since no electro-wetting phenomenon requiring a high Volt 
age upon driving is utilized, the lens car be driven by using an 
actuator of a low-voltage driving type, and the Voltage raising 
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circuit can be consequently omitted, thereby making it pos 
sible to provide a varifocal lens device of a power-saving type. 

BRIEF DESCRIPTION OF DRAWINGS 

0018. These and other aspects and features of the present 
invention will become clear from the following description 
taken in conjunction with the preferred embodiments thereof 
with reference to the accompanying drawings, in which: 
0.019 FIG. 1A is a cross-sectional view of a varifocal lens 
device in accordance with a first embodiment of the present 
invention; 
0020 FIG. 1B is a cross-sectional view of the varifocal 
lens device in accordance with the first embodiment of the 
present invention; 
0021 FIG.1C is a plan view of the varifocal lens device in 
accordance with the first embodiment of the present inven 
tion; 
0022 FIG. 1D, which is a principle explanatory view that 
explains a physical mechanism based on which a liquid lens 
of the varifocal lens device in accordance with the first 
embodiment of the present invention is formed, and shows a 
state prior to a pushing-in operation in which an opening 
member, located in a second liquid, pushes an interface 
between two liquids toward a first liquid; 
0023 FIG. 1E, which is a principle explanatory view that 
explains the physical mechanism based on which the liquid 
lens of the varifocal lens device in accordance with the first 
embodiment of the present invention is formed, and shows a 
state after the pushing-in operation of the opening member 
into the first liquid side; 
0024 FIG. 2 is a cross-sectional view that shows an opera 
tional principle of an actuator for the varifocal lens device in 
accordance with the first embodiment of the present inven 
tion; 
0.025 FIG. 3 is a cross-sectional view of a varifocal lens 
device in accordance with a second embodiment of the 
present invention; 
0026 FIG. 4 is a cross-sectional view that show; an opera 
tional principle of an actuator for the varifocal lens device in 
accordance with the second embodiment of the present inven 
tion; 
0027 FIG. 5 is a cross-sectional view of a varifocal lens 
device in accordance with a third embodiment of the present 
invention; 
0028 FIG. 6 is a cross-sectional view that show; an opera 
tional principle of an actuator for the varifocal lens device in 
accordance with the third embodiment of the present inven 
tion; 
0029 FIG. 7A is a plan view of an opening member of 
each of the varifocal lens devices in accordance with the first 
to third embodiments of the present invention; 
0030 FIG.7B is a plan view of an opening member having 
an elliptical shape of the varifocal lens device in accordance 
with a modified example of the above-mentioned embodi 
ments of the present invention; 
0031 FIG.7C is a plan view of an opening member having 
a rectangular shape of the varifocal lens device in accordance 
with another modified example of the above-mentioned 
embodiments of the present invention: 
0032 FIG. 8A is a cross-sectional view of an opening 
member of the varifocal lens device in accordance with the 
first embodiment of the present invention; 
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0033 FIG. 8B is an enlarged cross-sectional view of an 
edge portion of one example of the opening member of the 
varifocal lens device inaccordance with the first embodiment 
of the present invention; 
0034 FIG. 8C is an enlarged cross-sectional view of an 
edge portion of another example of the opening member of 
the varifocal lens device in accordance with the first embodi 
ment of the present invention; 
0035 FIG. 9A is an enlarged cross-sectional view of an 
edge portion having a certain curvature radius of the opening 
member of the varifocal lens device in accordance with the 
first embodiment of the present invention; 
0036 FIG.9B is an enlarged cross-sectional view of an 
edge portion having another curvature radius of the opening 
member of the varifocal lens device in accordance with the 
first embodiment of the present invention; 
0037 FIG. 10 is a cross-sectional view that shows another 
example corresponding to an edge portion of the opening 
member of the varifocal lens device in accordance with the 
first embodiment of the present invention; and 
0038 FIG. 11 is a block diagram that shows an image 
pickup apparatus to which any one of the Varifocal lens device 
of the first to third embodiments is applied in accordance with 
a fourth embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0039. Before the description of the present invention pro 
ceeds, it is to be noted that like parts are designated by like 
reference numerals throughout the accompanying drawings. 
0040 Prior to describing embodiments of the present 
invention by reference to the drawings, first, the following 
description will discuss various aspects of the present inven 
tion. 
0041 According to a first aspect of the present invention, 
there is provided a varifocal lens device comprising: 
0042 a first liquid; 
0043 a second liquid that is capable of forming an inter 
face with the first liquid without being mixed with the first 
liquid, and has a refractive index different from that of the first 
liquid; 
0044 a cell in which the first liquid and the second liquid 
are sealed; 
0045 an opening member that is shiftable in the all, while 
being made in contact with the interface between the two 
liquids, with the interface between the first liquid and the 
second liquid being remained Stationary by an edge portion 
thereof, and 
0046 an actuator that is coupled to the opening member, 
for controlling a shape of the interface of the two liquids of a 
liquid lens formed in an opening portion of the opening mem 
ber by allowing the opening member to shift so that a position 
of a focal point of the liquid lens is variably controlled. 
0047. In accordance with this arrangement, since the inter 
face of the two liquids is remained stationery by the edge 
portion of the movable opening member that is made in 
contact with the interface of the two liquids, the shape of the 
liquid lens can be stably maintained from external distur 
bance due to an external force. Moreover, since an electro 
wetting phenomenon that requires a high Voltage upon driv 
ing is not utilized, the driving process is carried out by using 
an actuator of a low-voltage driving type. 
0048. According to a second aspect of the present inven 
tion, there is provided the varifocal lens device according to 



US 2009/0002838 A1 

the first aspect, wherein the first liquid is a non-water soluble 
liquid, the actuator is a polymer actuator of an electric stimu 
lation type, and the polymer actuator of an electric stimula 
tion type is included in the first liquid that is non-water 
soluble. 
0049. In accordance with this arrangement, since a poly 
meractuator of an electric stimulation type, which is included 
in the first liquid having a non-water-soluble property, is used 
as the actuator, the polymer actuator can be operated under 
the environment from which moisture is shielded so that it is 
possible to prevent deterioration due to the presence of mois 
ture, and consequently to provide an actuator that is Superior 
in cycle life and reliability. 
0050. According to a third aspect of the present invention, 
there is provided the varifocal lens device according to the 
second aspect, wherein the first liquid that is non-water 
soluble is an ionic liquid and the polymer actuator of an 
electric stimulation type is anion driving-type polymeractua 
tor that is driven by incoming and outgoing anions or cations 
of the ionic liquid. 
0051. In accordance with this arrangement, the driving 
process can be carried out by using low Voltage, and anions or 
cations, required for the driving operation, can be Supplied 
from an ionic liquid corresponding to the first liquid, and 
since this liquid also serves as an electrolytic layer required 
for the actuator, it is possible to provide a convenient struc 
ture. 

0052 According to a fourth aspect of the present inven 
tion, there is provided the Varifocal lens device according to 
the third aspect, wherein the first liquid that is non-water 
soluble is ethylmethyl imidazolium-trifluoromethane sulfo 
nyl imide (EMI-TFSI). 
0053. In accordance with this arrangement, since the 
expansion and contraction of polymer derived from incoming 
and outgoing organic cations or anions having a compara 
tively large ionic radius can be utilized, it is possible to 
provide an actuator having a large positional change upon 
actuation. 
0054 According to a fifth aspect of the present invention, 
there is provided the varifocal lens device according to the 
second aspect, wherein the second liquid is water Soluble, and 
the second liquid that is water soluble is an aqueous Solution 
of a Substance having a specific gravity higher than that of 
Water. 

0055. In accordance with this arrangement, the density of 
the aqueous solution can be precisely adjusted by changing 
the concentration of the aqueous Solution. 
0056. According to a sixth aspect of the present invention, 
there is provided the varifocal lens device according to the 
fifth aspect, wherein the second liquid that is water soluble is 
an aqueous Solution of sodium polytungstate. 
0057. In accordance with this arrangement, an aqueous 
Solution having a density in a wide range can be obtained 
from an ionic liquid having a comparatively high density. 
0058 According to a seventh aspect of the present inven 

tion, there is provided the varifocal lens device according to 
the first aspect, wherein the actuator is a polymer actuator of 
an electric stimulation type that has a thin plate shape and 
executes bending operations. 
0059. In accordance with this arrangement, by utilizing 
the feature of the liquid lens, that is, the fact that since the shift 
distance of the opening member required for a shape change 
in the interface of the two liquids is small, a thinner structure 
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is achieved, it becomes possible to provide a varifocal lens 
device having a thin structure. 
0060 According to an eighth aspect of the present inven 
tion, there is provided the varifocal lens device according to 
the first aspect, wherein the first liquid, the second liquid, and 
the opening member have virtually the same density. 
0061. In accordance with this arrangement, it becomes 
possible to provide a varifocal lens device that can stably 
maintain the shape of the liquid lens from external distur 
bance due to an external force. 
0062 According to a ninth aspect of the present invention, 
there is provided the varifocal lens device according to the 
eighth aspect, wherein the opening member is a composite 
member made of a plurality of members having different 
densities. 
0063. In accordance with this arrangement, the density of 
the opening member can be precisely adjusted by changing 
the ratios of contents of a plurality of members having differ 
ent densities. 
0064. According to a 10th aspect of the present invention, 
there is provided the varifocal lens device according to the 
first aspect, wherein the opening member is subjected to a 
Surface treatment for applying water repellency or hydrophi 
licity thereto. 
0065. The resulting effect of this arrangement is that the 
interface of the two liquids remained stationary by the edge 
portion of the opening member is more stably remained sta 
tionary, and that the material of the opening member can be 
selected from a wider range. 
0066. According to an 11th aspect of the present inven 
tion, there is provided the varifocal lens device according to 
the first aspect, wherein the opening member has a round 
shape, a plurality of the actuators are disposed along tangent 
directions of the round opening member in a point-symmetri 
cal pattern around a light axis of the liquid lens so that all the 
actuators are drive-controlled in synchronism with one 
another. 
0067. In accordance with this arrangement, since the 
opening member can be positively parallel-shifted in the light 
axis direction by the plurality of actuators, the shape of the 
interface between the two liquids of the liquid lens formed 
inside the opening portion of the opening member can be 
controlled with high precision so that the position of a focal 
point, formed by the liquid lens, can be variably adjusted with 
high precision. 
0068 Referring to the drawings, the following description 
will discuss embodiments of the present invention in detail. 

FIRST EMBODIMENT 

0069 FIGS. 1A and 1B are cross-sectional views of a 
varifocal lens device inaccordance with the first embodiment 
of the present invention, and FIG.1C is a plan view (plan view 
of the cross section of the actual or, obtained by viewing the 
cross-sectional view of FIGS. 1A and 1B from below) of the 
varifocal lens device of the first embodiment. The difference 
between FIG. 1A and FIG.1B is that the curvatures of a liquid 
lens 6 are different from each other, and FIGS. 1A and 1B 
show that the different curvatures of the liquid lenses 6 form 
focal points 11 at respectively different positions on a light 
axis 9. In this case, the position of the focal point 11 of FIG. 
1A is closer to the liquid lens 6 than the position of the focal 
point 11 of FIG. 1B. 
0070 The insulating first liquid 1 and the insulating sec 
ond liquid 2 located on the first liquid 1 are allowed to forman 
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interface 3 without being mixed with each other. In order to 
allow them to form the interface 3 without being mixed with 
each other, the densities of the first liquid 1 and the second 
liquid 2 are made approximately identical to each other. That 
is, in an attempt to present distortion in the liquid lens 6 due 
to influences from gravity and to make the liquid lens 6 more 
resistant against external disturbance due to an external force 
caused upon falling, colliding, or the like, it is preferable to 
make the densities of the first liquid 1 and the second liquid 2 
approximately equal to each other. 
0071. An edge portion 5A of an insulating opening mem 
ber 4 having a ring-shape is made in contact with the interface 
3 between the first liquid 1 and the second liquid 2 to form 
interfaces (two-liquid interfaces) 3A and 3B of the two liq 
uids 1 and 2. Here, the inside interface 3A of the two-liquid 
interfaces of the opening member 4 is a two-liquid interface 
that forms the liquid lens 6, and the outside interface 3B of the 
opening member 4 is a two-liquid interface that does not 
function as the liquid lens 6. The opening member 4 has a 
round opening portion 4a having a ring shape, and the two 
liquid interface 3A of the round opening portion 4a forms the 
liquid lens 6 by the surface tension of the two-liquid interface 
3A. The two-liquid interface is not allowed to advance and get 
a wetting beyond the edge portions 5A and 5B, and is 
remained stationary by these edge portions. 
0072 Here, the reason that another liquid interface 3B that 
does not function as the liquid lens 6 is formed together with 
the two-liquid interface 3A forming the liquid lens 6 is 
because, since both of the first liquid 1 and the second liquid 
2 are sealed by a cell 14, the respective volumes are made 
constant, and because a change in the Volume at the portion of 
the liquid lens 6 formed at the opening portion 4a of the 
opening member 4 can be absorbed by using this another 
liquid interface 3B. In the same manner as in the edge portion 
5A of the opening member 4, to remain stationary this liquid 
interface by using an edge portion 5B formed on the sealing 
member 13 is preferably effective upon preparing a higher 
resistance from external disturbance due to an external force. 

0073. On a round convex portion 4d on the lower face of 
the opening member 4, respective ends of a plurality of actua 
tors 7 are coupled to one another in a point-symmetrical 
manner around the light axis 9 (for example, in FIG. 1C, the 
respective ends of four actuators 7, disposed in tangent direc 
tions of the round opening member 4, with intervals of 90 
degrees around the light axis 9, are coupled to the opening 
member 4, with the other ends being coupled to a sealing 
member 13 which will be described later), and all the actua 
tors 7 is drive-controlled by a single actuator drive-control 
ling unit 54 in synchronism with one another. Therefore, 
under the drive-control of the actuator drive-controlling unit 
54, synchronous bending operations of all the actuators 7 in 
bending directions 8 allow the opening member 4 to be 
advance/retreat driven so as to shift in parallel with the direc 
tion of the light axis 9. Light rays 10, made incident on the 
liquid lens 6 from the infinite distance, are condensed to a 
focal point 11, and the curvature of the liquid lens 6 changes 
depending on the position in the direction of the light axis 9 of 
the opening member 4 so that the position of the focal point 11 
is shifted in a manner as shown in FIGS. 1A and 1B. 

0074 The first liquid 1, the second liquid 2, the movable 
opening member 4, and the actuator 7 are housed inside the 
insulating cell 14 formed by transparent plates 12A and 12B, 
each having an insulating property and a disc shape, and the 
insulating sealing member 13 that is placed in an annular 
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shape on the peripheral portion of the transparent plates 12A 
and 12B so as to seal the first liquid 1 and the second liquid 2. 
0075. In this manner, the above-mentioned varifocal lens 
device has a structure in which the first liquid 1 and the second 
liquid 2 located on the first liquid 1 are housed in an inner 
space of the cell 14 formed by the disc-shaped transparent 
plates 12A and 12B and the sealing member 13 disposed in 
the annular shape on the peripheral portion of the transparent 
plates 12A and 12B, the opening member 4 is made in contact 
with the interface 3 between the first liquid 1 and the second 
liquid 2, and the opening member 4 is allowed to advance? 
retreat in directions along the light axis 6 as well as to shift in 
parallel therewith by the driving operations of the actuators 7 
under control of the actuator drive-controlling unit 54, with 
the two-liquid interface 3A inside the round opening portion 
4a of the opening member 4 being allowed to form the liquid 
lens 6. 

0076. In accordance with this arrangement, since the liq 
uid interface 3 is made in contact with the interface 3 of the 
two liquids, and also remained stationary by the edge portion 
5A of the opening member 4 capable of moving in the direc 
tions of the light axis 9, it is possible to stably maintain the 
shape of the liquid lens 6 from external disturbance due to an 
external force. Moreover, since the electro-wetting phenom 
enon requiring a nigh Voltage upon driving is not utilized, the 
driving operation is carried out by using the actuator 7 of a 
low-voltage driving type, as will be described below. 
0077 Referring to principle explanatory views (end-face 
views) shown in FIGS. 1D and 1E, a physical mechanism 
based on which the liquid lens 6 is formed is explained. The 
constituent elements of FIGS. 1D and 1E are similar to those 
shown in FIGS. 1A, 1B, and 1C; however, for convenience of 
explanation, those constituent elements relating to driving 
portions by the actuator 7 are omitted from FIGS. 1D and 1E. 
FIG.1D shows a state prior to a pushing-in operation in which 
the opening member 4, located in the second liquid 2, pushes 
the interfaces 3A and 3B of the two liquids (two liquids 1 and 
2) toward the first liquid 1. FIG. 1E shows a state after the 
opening meter 4 has been pushed into the first liquid 1 side. 
Supposing that, for convenience of explanation, the interfaces 
32 and 3B of the two liquids in FIG. 1D form planes, the 
interfaces 3A and 3B of the two liquids in FIG.1E are curved 
with a convex shape upward by the pushing-in of the opening 
member 4. At this time, the volumes of the first liquid 1 and 
the second liquid 2 are unchanged, with the first liquid 1 and 
the second liquid 2 being tightly-closed into the cell 14 and 
sealed therein; therefore, with respect to the volumes of Vol 
ume portions A1, A2, A3, B1, and B2 indicated by hatched 
portions of FIG. 1E, the following relationship is satisfied. 

0078 Here, the volume portion A1 represents a volume 
corresponding to a portion of the opening member 4 pushed 
into the first liquid 1. The volume portion A2 represents a 
Volume corresponding to a portion of the second liquid 2 
located near the inside of the opening portion 4a of the open 
ing member 4 to be pushed into the first liquid 1 together with 
the opening member 4, when the opening member 4 is pushed 
into the first liquid 1. The volume portion A3 represents a 
Volume corresponding to a portion of the second liquid 2 
located near the outside of the opening portion 4a of the 
opening member 4 to be pushed, into the first liquid 1 together 
with the opening member 4, when the opening member 4 is 
pushed into the first liquid 1. The volume portion B1 repre 
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sents a Volume corresponding to a portion of the first liquid 1 
located inside the opening portion 4a of the opening member 
4 to be raised in a manner so as to be curved with a convex 
shape upward inside the opening portion 4a, when the open 
ing member 4 is pushed into the first liquid 1. The volume 
portion B2 represents a Volume corresponding to a portion of 
the first liquid 1 located outside the opening portion 4a of the 
opening member 4 to be raised in a manner so as to be curved 
with a convex shape upward outside the opening portion 4a, 
when the opening member 4 is pushed into the first liquid 1. 
0079. It has been known that by the surface tension on the 
interfaces 3A and 3B of the two liquids, the liquid interface 
3A inside the opening portion 4a of the opening member 4 is 
formed into a spherical face under Zero gravity, and in the 
liquid lens 6 relating to the first embodiment of the present 
invention also, the liquid lens 6 is formed into a virtually 
spherical face lens in the case where the edge portion 5 of the 
opening member 4 has a round shape. In particular, in the case 
of a more preferable embodiment formed by making the 
density of the two liquids and the density of the opening 
member 4 coincident with each other, the interface of the two 
liquids is formed into a state equivalent to Zero gravity so that 
the interface between the two liquids can be made closer to a 
true spherical shape. 
0080 FIG. 2 is a cross-sectional view that shows an opera 
tion principle of the actuator 7 in accordance with the first 
embodiment. For example, the actuator 7 is prepared as a 
polymer actuator 7 of an electric stimulation type having a 
rectangular strip shape in which conductive polymer layers 
20A and 20B sandwich a solid-state electrolysis 21, and this 
is secured by insulating securing members 32 that forms a 
securing end of the actuator 7. Here, in FIGS. 1A, 1B, and 1C, 
the sealing member 13 also has a function as the securing 
members 32. Power supplies 30 and switches 31, which are 
respectively operation-controlled by the actuator drive-con 
trolling unit 54, are connected to the conductive polymer 
layers 20A and 20B, and by applying a voltage from the 
power supply 30 to the conductive polymer layers 20A and 
20B, ions of the solid-state electrolysis 21 are allowed to go 
into and come out of the conductive polymer 20A and the 
conductive polymer 20B so that a bending operation is carried 
out. Here, in FIG. 1A, at a first glance, it looks like there are 
two actuator drive-controlling units 54; however, those are 
illustrated for easiness of understanding, and actually, as 
shown in FIG. 1C, a single actuator drive-controlling unit 54 
is preferably used for controlling all the rower supplies 30 and 
the switches 31. In the other views, such as FIG. 1B, for 
convenience of explanation, with respect to the actuator 
drive-controlling unit 54, the power supplies 30, and the 
switches 31, one portion or all the portions thereof are arbi 
trarily omitted from the views. 
0081 Ions are allowed to move in a direction correspond 
ing to the polarity of an applied Voltage, and in the case of 
FIG. 2, cations (positive ions) are allowed to go out from the 
conductive polymer layer 20A toward the solid-state elec 
trolysis 21 so that the conductive polymer layer 20A is 
allowed to shrink; in contrast, cations are allowed to enter the 
conductive polymer layer 20B from the solid-state electroly 
sis 21 so that the bulk of the ions increases to cause the 
conductive polymer layer 201 to extend, with the result that 
the actuator 7 is driven to be bent into a convex shape down 
ward. In such a case reversed to that of FIG. 2, cations (posi 
tive ions) are allowed to go out from the conductive polymer 
layer 20B toward the solid-state electrolysis 21 so that the 
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conductive polymer layer 20B is allowed to shrink; in con 
trast, cations are allowed to enter the conductive polymer 
layer 20A from the solid-state electrolysis 21 so that the bulk 
of the ions increases to cause the conductive polymer layer 
20B to extend, with the result that the actuator 7 is driven to be 
bent into a convex shape upward. In the above explanation, 
the principle of the bending operations of the actuator 7 is 
discussed based upon incoming and outgoing cations; how 
ever, the bending operations may be carried out in the same 
manner even based upon incoming and outgoing anions 
(negative ions) or based upon incoming and outgoing ions of 
the above two kinds. 
I0082 Since these actuators 7 of the bending type have a 
thin plate shape made of a flat plate, they are suitably used for 
forming a thin varifocal lens device. Here, for example, the 
thicknesses of the conductive polymer layers 20A and 20B 
forming the actuator 7 may be set to about 10 um to 25 um 
respectively, the thickness of the solid-state electrolysis 21 
may be set to about 10um to 100 um, and the entire thickness 
of the actuator 7 may be set to about 30 um to 150 lum. 
Moreover, for example, since the thickness of the opening 
member 4 may be set to about 1 mm, the thickness of the 
actuator 7 causes no restriction in an attempt to make the 
thickness of the cell 14 thinness so that it becomes possible to 
provide a thin varifocal lens device having a cell thickness of 
several millimeters. 

I0083. The actuator 7 of the electric stimulation type is 
disposed so as to be included in the first liquid 1, and by 
preparing the first liquid 1 as a non-water-soluble liquid, the 
polymeractuator can be operated under the environment from 
which moisture is shielded so that it is possible to prevent 
deterioration due to the presence of moisture, and conse 
quently to provide an actuator that is Superior in cycle life and 
reliability. 
I0084 With respect to the conductive polymer forming the 
conductive polymer layers 20A and 20B forming the actuator 
7, polymers that exert electron conductivity in themselves, for 
example, organic conductive polymers, such as polyaniline, 
polypyrrole, or polythiophene, or conductive polymers in 
which carbon-based fine particles are dispersed, may be used 
under the above-mentioned operation principle. 
I0085. The following description will discuss some work 
ing examples in accordance with the first embodiment. 

WORKING EXAMPLE 1. 

I0086 A film, prepared by a process in which polypyrrole 
was synthesized by allowing an electrolytic polymerization 
in an organic solvent in which a ionomer of pyrrole was 
dissolved in propylene carbonate forming a Supporting elec 
trolytic layer, by using a carbon electrode as a deposition 
electrode in a galvano-stat mode (constant current controlling 
mode), was used as a conductive polymer, and a film, pre 
pared by gelling ethylmethyl imidazolium-trifluoromethane 
sulfonyl imide (EMI-TFSI) serving as an ionic liquid, was 
used as the Solid-state electrolysis so that the actuator having 
the structure as shown in FIG. 2 was obtained. 
I0087 Methyl-phenyl-based silicone oil was used as the 
first liquid. This oil was non-water-soluble oil. A sodium 
chloride aqueous solution was used as the second liquid that 
is water-soluble. As shown in FIG. 2, the above-mentioned 
actuator was disposed in the silicone oil serving as the first 
non-water-soluble liquid. The actuator having this structure 
can be driven under a low driving voltage of +1V to 2V. 
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0088. This polymeractuator is driven to be bent mainly by 
incoming and outgoing EMIcations to and from the polypyr 
role film. Since expansion and contraction of the polymer due 
to the incoming and outgoing EMI cations that are organic 
cations having a comparatively large ionic radius can be 
utilized, it is possible to achieve an actuator having a large 
positional change upon actuation. 
0089. Here, in the varifocal lens device inaccordance with 
the first embodiment of the present invention, in an attempt to 
prevent strain in the lens due to influences from gravity and to 
make the lens more resistant against external disturbances 
due to an external force caused upon falling, colliding, or the 
like, it is preferable to make the densities of the first liquid and 
the second liquid virtually identical to each other. 
0090. When the density of the silicone oil used in the 
working example 1 was measured by a vibration-type densi 
tometer, a density of 1.07 g/cm was obtained. The sodium 
chloride aqueous solution was used as the second water 
soluble liquid. The aqueous solution having a density of 1.07 
g/cm was obtained through precise adjustments, by adjust 
ing the mixing ratio of sodium chloride and water by using the 
vibration-type densitometer. Both of these were transparent 
liquids, and these were not mixed with each other so that a 
liquid lens was formed. When the refractive index thereof was 
measured by using an Abbe refractometer, the refractive 
index of the silicone oil was 1.51, and the refractive index of 
the Sodium chloride aqueous Solution was 1.35; thus, it is 
found chat liquid lenses having different refractive indexes 
can be formed. In an attempt to obtain a large focal-position 
change relative to a small curvature change, the greater the 
difference in refractive indexes, the more desirable. In order 
to obtain combinations of materials having identical densities 
and different refractive indexes, in addition to the silicone oil 
based materials, various organic Substances and their mixture 
may be usad as the first non-water-soluble liquid. Moreover, 
in order to provide higher resistance to external disturbance 
due to an external force, the first non-water-soluble liquid 
may have a thickener added thereto so as to restrain its fluidity 
or may be prepared as a gelled fluidizing material having a 
polymer crosslinking structure. 
0091. In the present working example, the sodium chlo 
ride aqueous solution is used as the second water soluble 
liquid; however, an antifreezing liquid, such as an ethylene 
glycol aqueous solution, is more preferably used so as to be 
used at low temperatures. 

WORKING EXAMPLE 2) 
0092. In the same manner as in working example 1, a film, 
prepared by a process in which polypyrrole was synthesized 
by allowing an electrolytic polymerization in an organic Sol 
vent in which a monomer of pyrrole was dissolved in propy 
lene carbonate forming a Supporting electrolytic layer, by 
using a carbon electrode as a deposition electrode in a gal 
vano-stat mode (constant current controlling mode), was used 
as a conductive polymer, and a film, prepared by gelling 
ethylmethyl imidazolium-trifluoromethane sulfonyl imide 
(EMI-TFSI) serving a: an ionic liquid, was used as the solid 
state electrolysis so that the actuator having the structure as 
shown in FIG. 2 was obtained. 
0093 Ethylmethyl imidazolium-trifluoromethane sulfo 
nyl imide (EMI-TFSI) serving as an ionic liquid, used as the 
electrolytic material for the solid-state electrolysis gel, was 
used as the first liquid. This electrolytic solution was a nor 
mal-temperature melting salt that forms an ionic bonding 
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liquid at normal temperature, made from EMI organic cations 
and TFSI anions, and had a non-water-soluble property. 
0094. The actuator having this structure can be driven 
under a low driving Voltage oftl W to 2V, and since an ions 
and cations, required for driving, are Supplied from the ionic 
liquid serving as the first liquid, the ionic liquid is also 
allowed to serve as the electrolytic layer required for the 
actuator so that a convenient structure is provided. 
0.095 This polymeractuator is driven to be bent mainly by 
incoming and outgoing EMIcations to and from the polypyr 
role film. Since expansion and contraction of the polymer due 
to the incoming and outgoing EMI cations that are organic 
cations having a comparatively large ionic radius can be 
utilized, it is possible to achieve an actuator having a large 
positional change upon actuation. 
0096. When the density of the ethylmethyl imidazolium 
trifluoromethane sulfonyl imide (EMI-TFSI) serving as an 
ionic liquid was measured by a vibration-type densitometer, a 
density of 1.52 g/cm was obtained. A sodium polytungstate 
aqueous solution was used as the second water-soluble liquid. 
Since sodium polytungstate was a water soluble Substance 
having a specific gravity higher than water, it was possible to 
obtain an aqueous solution having a wide range of density. An 
aqueous solution having 40% to 42% of Sodium polytung 
state at a mass ratio was prepared, and the aqueous solution 
having a density of 1.52g/cm was obtained through precise 
adjustments, by adjusting the mixing ratio thereof to water by 
using the vibration-type densitometer. Both of these were 
transparent liquids, and these were not mixed with each other 
so that a liquid lens was formed. 
(0097. When the refractive index thereof was measured by 
using an Abbe refractometer, the refractive index of ethylm 
ethyl imidazolium-trifluoromethane sulfonyl imide (EMI 
TFSI) was 1.43, and the refractive index of the sodium poly 
tungstate aqueous Solution was 1.40; thus, it is found that 
liquid lenses having different refractive indexes can be 
formed. 

0.098 Next, as materials for each of the ring-shaped open 
ing members, three kinds of complex materials were used, 
that is, glass-fiber containing polyamide (density: 1.65 
g/cm) serving as a complex material made from a plurality of 
members having different densities, glass-fiber containing 
polyphenylene sulfide (density: 1.66 q, cm) serving as a 
complex material made from a plurality of members having 
different densities, polyether ether ketone (density: 1.30 
g/cm), and PTFE (density: 2.14 g/cm) used to prepare ring 
shaped opening members, and vibration tests were carried out 
with the gravitational acceleration 1G with the ring-shaped 
opening members being mad in contact with the two-liquid 
interface; as a result, in the case of the ring-shaped opening 
member made from the glass fiber containing polyamide as 
well as in the case of the ring-shaped opening member made 
from the glass fiber containing polyphenylene Sulfide, distur 
bances on the liquid lens interface were hardly observed: 
however, in the case of the ring-shaped opening member 
made from the PTFE, disturbances on the liquid lens interface 
were clearly observed. Consequently, it has been found that in 
an attempt to make the varifocal lens device in accordance 
with the first embodiment of the present invention more resis 
tant against external disturbances due to an external force 
caused upon falling, colliding, or the like, it is preferable to 
make the density of the opening member 4 virtually the same 
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as those densities of the first liquid 1 and the second liquid 2 
(more specifically, for example, with a difference within +0.3 
g/cm). 
0099. Here, the glass-fiber containing plastic material 
used in the experiments had a content ratio of glass fibers of 
50%, and by adjusting this content ratio, the density of the 
opening member 4 can be made precisely coincident with the 
density of the first liquid 1 and the second liquid 2. 
0100 Any of the ring-shaped opening members used in 
the experiments tended to be less wettable to the ionic liquid; 
however, by Subjecting the opening member 4 to a Surface 
treatment for applying water repellency or hydrophilicity 
thereto, the two-liquid interface 3 remained stationary by the 
edge portion 5A of the opening member 4 was more stably 
remained stationary, and the material for the opening member 
4 could be selected from a wider range. In particular, by 
adjusting the wettability of the contact portion between the 
first liquid 1 and the second liquid 2 of the opening member 4 
through a Surface treatment, the edge portion 5A can be more 
firmly remained Stationary. 

WORKING EXAMPLE 3 

0101 The following description will discuss the results of 
experiments carried out on the shape of the edge portion of the 
ring-shaped opening member. 
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interface from the second liquid 2 so that the state in which the 
two-liquid interface was remained stationary by each of the 
edge portions 5A was observed. 
0103) The following Table 1, which summarizes the 
results of the experiments, indicates that in any of the cases of 
acute angles of 0 (30°, 45°, 70) as well as the right angles of 
0 (90°) in the edge portion 5A as shown in FIG. 8B, the 
remaining-stationary states of the two-liquid interface 3 by 
the edge portions 5A were good. However, in the case of an 
obtuse angle of 0 in the edge portion 5A as shown in FIG. 8C, 
at 110°, when the liquid face curvature becomes smaller as the 
pushed-in ring-shaped opening member 4 advances, a phe 
nomenon in which the two-liquid interface 3 advances and 
gets a wetting toward the side face 4A side on the inner side 
of the ring-shaped opening member 4 was observed. More 
over, in the cases of 135° and 150° of the angles 0 in the edge 
portions 5A, the fact that the two-liquid interface 3 was 
remained stationary not to the edgeportion5A, but to an edge 
portion 5A-1 on the opposite side of the edge portion 5A was 
observed. From the above-mentioned observation results, it is 
found that the angle 0 in the edge portion 5A is preferably set 
to an acute angle or rightangles and that an obtuse angle is not 
preferable, although it is still in an applicable range. 

TABLE 1. 

G 30° 45 700 90° 110° 1350 1500 

Remaining C3 C3 C3 o A X X 

stationary 
property of 
two-liquid 
interface at 
edge portion 
Note OK OK OK OK As the liquid The two- Same 

face curvature liquid 
becomes Smaller, interface 
the two-liquid W8S 
interface remained 

advances to get stationary 
a wetting toward to another 
the side face edge 
4A. portion 5A'. 

0102. In the cross-sectional view of the ring-shaped open 
ing member 4 shown in FIG. 8A, FIGS. 8B and 8C show the 
enlarged cross-sectional view of the edge portion5A. FIG.8B 
indicates a structure in which the angle 0 of the edge portion 
5A is prepared as an acute angle, and FIG. 8C indicates a 
structure in which the angle 0 of the edge portion 5A is 
prepared as an obtuse angle. By using ring-shaped opening 
members 4 made from the glass fiber containing polyphe 
nylene Sulfide and each having an inner diameter of 4.5 mm 
and an outer diameter of 9 mm with a thickness of 0.8 mm, 
ring-shaped opening members 4 having various angles in the 
edge portion 5A of the inner diameter were prepared. By 
using ethylmethyl imidazolium-trifluoromethane sulfonyl 
imide (EMI-TFSI) as the first liquid 1, as well as by using pure 
water with the density of which had not been adjusted for 
convenience of experiments as the second liquid 2, the ring 
shaped opening members 4 were pushed into the two-liquid 

0104. The curvature of each of the edge portions 5A of the 
ring-shaped opening members 4 used in the above-mentioned 
experiments was set to R0.1 mm or less, and the member 
having a curvature radius of 0.5 mm was prepared, and the 
remaining-stationary state of the edge portion 5A was 
observed. Each of FIGS. 9A and 9B is a cross-sectional view 
showing the edge portion 5A. FIG.9A shows the state of the 
two-liquid interface 3A in a step where the ring-shaped mem 
ber 4 is started to be pushed into the two-liquid interface 3A. 
It was observed that the two-liquid interface 3A advanced and 
got a wetting into the chamfered portion 5A with a curvature 
radius of 0.5 mm corresponding to the edge portion 5A. FIG. 
9B shows the state in which the ring-shaped opening member 
4 was further pushed the rein, and it was observed that, after 
the two-liquid interface 3A had advanced and got a wetting to 
the border of the chamfered portion 5A and the side face 4A, 
forming the edge portion 5A, the two-liquid interface 3A was 
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remained stationary to this portion. From these observations, 
it is confirmed that, although the application of a curvature to 
the edge portion 5A may be carried out, it is preferable to 
provide a sharp edge portion 5A from the viewpoint offirmly 
carrying out the remaining-stationary operation. 
0105. With respect to the inner diameter of the opening 
portion 4a of the ring-shaped opening member 4, those hav 
ing the inner diameter in a range of from the microlens area of 
less than 1 mm to about several tens of mm may be used; 
however, from the viewpoint of providing a firm resistance 
against disturbance due to an external force, those having a 
small diameter are preferably used. With respect to the thick 
ness of the ring-shaped opening member 4, in the same man 
ner, from the viewpoint of providing a firm resistance against 
disturbance due to an external force, a thin structure, for 
example, in a range of about 0.2 mm to 0.5 mm, with a small 
mass of its own, may be preferably used as long as it is within 
a range capable of maintaining its shape in view of its 
strength. 
0106 Not limited to either upper or lower end edge of the 
opening portion 4a of the opening member 4, the edgeportion 
5A of the opening member 4 may be formed on the interme 
diate portion of the inner wall face of the opening portion 4a 
of the opening member 4. For example, FIG. 10 is a cross 
sectional view showing another example of the structure of 
the edge portion 5A of the opening member 4. This example 
corresponds to a structure in which a surface-treated film 15a 
that is hydrophilic to the second liquid 2 is formed on the 
inner wall face of the opening portion 4a of the opening 
member 4 on the second liquid side for example, on the upper 
half side in FIG. 10), while a surface-treated film 15B that is 
water-repellent to the second liquid 2 is formed on the inner 
wall face of the opening portion 4a of the opening member 4 
on the first liquid side (for example, on the lower half side in 
FIG. 10), with an edge portion 5A being formed as the border 
between the surface-treated film 15A and the surface-treated 
film 15B. More specifically, in the case where the second 
liquid 2 is an aqueous Solution, a silane-coupling agent film is 
formed as the hydrophilicity-treated film and a Tefron (reg 
istered trademark)-based film is formed as the water-repel 
lency-treated film so that the edge portion 5A of this type can 
be formed. The edge portion 5A of this type may be formed 
not only on the center portion of the inner wall face of the 
opening portion 4a of the opening member 4, but also on an 
area prepared by properly adjusting the Surface-treated film 
15A and the surface-treated film 15B; thus, the edge portion 
5A may be formed on a desired position on the inner wall 
face. 
0107 The above description has discussed the method by 
which the two-liquid interface 3A is remained stationary by 
the edge portion 5A of the opening member 4, and in order to 
more positively prevent the two-liquid interface 3A from 
advancing to get a wetting beyond the edge portion 5A with 
the result that the two-liquid interface 3A is damaged, the 
angle change at the edge portion 5A of the two-liquid inter 
face 3A is preferably limited by regulating the movable range 
of the opening member 4. With respect to the specific example 
to limit the movable range of the opening member 4, as shown 
in FIG. 1E, a protrusion 4p Serving is a stopper may be placed 
on the inner face of the transparent plate 12B to allow the 
opening member 4 to come into contact with the protrusion 4p 
so that the lower limit position of the opening member 4 can 
be regulated. 

SECONDEMBODIMENT 

0108. The following description will discuss a varifocal 
lens device inaccordance with the second embodiment of the 
present invention. 
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0.109 FIG. 3 is a cross-sectional view that shows the vari 
focal lens device in accordance with the second embodiment 
of the present invention. Since the layout of an actuator 7A is 
similar to that of the actuator 7 on the plan view of FIG. 1B, 
the plan view thereof is omitted. FIG. 4 is a cross-sectional 
view that shows an operational principle of the actuator 7A 
for the varifocal lens device in accordance with the second 
embodiment of the present invention. In the second embodi 
ment, by utilizing the feature that the actuator 7A of an 
electric stimulation type is included in an electrolytic Solution 
serving as the first liquid 1, other electrodes (opposing elec 
trodes 22A and 22B) are separately formed in the first liquid 
1 so that the driving performance of the actuator 7A is 
improved. In the same manner as in the actuator 7 of the first 
embodiment, the actuator 7A is also drive-controlled under 
controlling operations of the actuator drive-controlling unit 
54. 

0110. In the same manner as in the first embodiment, a 
film, prepared by a process in which polypyrrole is synthe 
sized by allowing an electrolytic polymerisation in an organic 
solvent in which a monomer of pyrrole was dissolved in 
propylene carbonate forming a Supporting electrolytic layer, 
by using a carbon electrode as a deposition electrode in a 
galvano-stat mode (constant current controlling mode), was 
used as a conductive polymer forming the polymer layers 
20A and 20B, and a film, prepared by gelling ethylmethyl 
imidazolium-trifluoromethane sulfonyl imide (EMI-TFSI) 
serving as an ionic liquid, was used as the solid-state elec 
trolysis so that an actuator 7A having the same structure as 
that shown in FIG. 4 was obtained. As the first liquid, ethyl 
methyl imidazolium-trifluoromethane sulfonyl imide (EMI 
TFSI) serving as an ionic liquid, used as the electrolysis 
material for this solid-state electrolytic gel, was used. 
0111. In the actuator 7A having this structure, by applying 
a Voltage with a polarity as shown in FIG. 4 to the opposing 
electrodes 22A and 22B from the power supply 30 (in other 
words, between the conductive polymer layers 20A, 20B and 
the opposing electrode 22A as well as the opposing electrode 
22B, in a manner so as to make the polarities of the electrodes 
mutually opposing through the first liquid 1 different from 
each other), incoming and outgoing ions are obtained from 
both of the surfaces of the conductive polymer layers 20A and 
20B capable expanding and contracting (that is, from both of 
interfaces on the solid-state electrolysis 21 side and the elec 
trolytic Solution side serving as the first liquid 1) So that a 
large positional change is obtained upon driving, and incom 
ing and outgoing ions are quickly obtained; thus, the actuator 
7A is allowed to execute high-speed driving operations. 
0112 Here, in FIG. 4, for example, cations (positive ions) 
are allowed to go out from the conductive polymer layer 20A 
toward the first liquid 1 between the conductive polymer layer 
20A and the opposing electrode 22A as well as toward the 
solid-state electrolysis 21 so that the conductive polymer 
layer 20A is allowed to shrink as indicated by arrow 40B; in 
contrast, cations are allowed to enter the conductive polymer 
layer 20B respectively from the solid-state electrolysis 21 as 
well as from the first liquid 1 between the conductive polymer 
layer 20B and the opposing electrode 22B so that the bulk of 
the ions increases to cause the conductive polymer layer 20B 
to extend as indicated by arrow 40A, with the result that the 
actuator 7 is driven to be bent into a convex shape downward. 
Upon applying a Voltage reversely, the reversed operations 
are respectively carried out. 
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0113. In the present invention, in addition to the two-liquid 
materials described in the above-mentioned working 
example 1 and working example 2, combinations between 
two different liquids having different refractive indexes, 
which are not mixed with each other, Such as combinations 
between various oils and organic solvents, for example, sili 
cone oil and alcohols, or combinations between various ionic 
liquids and organic solvents, may be used. 

THIRD EMBODIMENT 

0114. The following description will discuss a varifocal 
lens device in accordance with the third embodiment of the 
present invention. 
0115 FIG. 5 is a cross-sectional view that shows the vari 
focal lens device in accordance with the third embodiment of 
the present invention. Since the layout of an actuator 7B is 
similar to that of the actuator 7 on the plan view of FIG. 1B, 
the plan view thereof is omitted. FIG. 6 is a cross-sectional 
view that shows an operational principle of the actuator 7B for 
the varifocal lens device inaccordance with the third embodi 
ment of the present invention. Different from the aforemen 
tioned first and second embodiments, the third embodiment 
relates to the actuator 7B of a type using no solid-type elec 
trolysis 21, and by utilizing the feature that the actuator 7B of 
an electric stimulation type is included in an electrolytic 
Solution serving as the first liquid 1, another electrode 22 is 
separately formed in the first liquid 1 so that the structure of 
the actuator 7A is simplified, and can be consequently manu 
factured more easily. In the sane manner as in the actuator 7 of 
the first embodiment, the actuator 7B is also drive-controlled 
under controlling operations of the actuator drive-controlling 
unit 54. 
0116. As shown in FIG. 6, in the actuator 7A having this 
structure, by applying a Voltage between the conductive poly 
mer layer 20 and the opposing electrode 22 from the power 
supply 30, bending operations are obtained. The conductive 
polymer layer 20 to be expanded and contracted has such a 
structure that the layer 20 is bonded to a non-extendable 
member 23, and since the conductive polymer layer 20 is 
expanded and contracted by the incoming and outgoing ions, 
while the non-extendable member 22 is not expanded and 
contracted, the actuator 7A having the bonded structure 
between the conductive polymer layer 20 and the non-extend 
able member 23 is driven to be tent. 
0117 The actuator 7A of this structure can be manufac 
tured by using the following simple processes. Since an elec 
trode is required for use in deposition so as to form polypyr 
role through an electrolytic polymerization method, a gold 
thin film is first vapor-deposited on the surface of a polyimide 
film serving as the non-extendable member 23, and on this 
electrode (not shown), a polypyrrole film functioning as an 
extendable and contractable member is directly formed 
through electrolytic polymerization; thus, such a bonded 
structure of the actuator 7A is obtained. Here, the opposing 
electrode 22 may be prepared as a transparent electrode 
formed on the cell inner fact of the transparent plate 12B. 
0118. A polypyrrole film is used as the conductive poly 
mer material, and ethylmethylimidazolium-trifluoromethane 
sulfonyl imide (EMI-TFSI) serving as an ionic liquid is used 
as the first liquid. 

FOURTHEMBODIMENT 

0119) Next, the fourth embodiment of the present inven 
tion relates to an example in which the varifocal lens device in 
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accordance with the first to third embodiments is applied to an 
image pickup apparatus. FIG. 11 shows one example of a 
block diagram of the image pickup apparatus. 
0.120. The image pickup apparatus is constituted by the 
varifocal lens device 50 including the actuator drive-control 
ling unit 54, an image pickup focusing-determination unit 55. 
an image pickup plate 51, and an image recording/reproduc 
ing unit 56. 
0121. In this image pickup apparatus, in order to allow an 
image of an object 52 located near a light axis 9 of the 
varifocal lens device 50 having a liquid lens 6 to be driven by 
the actuator 7, 7A or 7B to be image-formed on the image 
pickup plate 51 as an image 53 of the object, a focused state 
is determined by the determination unit 55 based upon image 
pickup signals outputted from the image pickup plate 51. 
Resulting signals from the determination unit 55 that has 
determined the focused state are inputted to the actuator 
drive-controlling unit 54, and based upon the input signals, 
the actuator drive-controlling unit 54 drive-controls all the 
actuators 7, 7A, or 7B in synchronism with one another. More 
specifically, in the case of determining a non-focused state by 
the determination unit 55, actuator driving signals are input 
ted to the actuator drive-controlling unit 5 from the determi 
nation unit 55, and based upon the input signals, the actuator 
drive-controlling unit 54 drive-controls all the actuators 7, 
7A, or 7B in synchronism with ore another so that the opening 
member 4 is shifted to advance or retreat in parallel with the 
direction of the light axis 9; thus, the curvature of the liquid 
lens 6 is changed so that the position of the focal point 11 is 
adjusted. In the case of determining a focused State by the 
determination unit 55, the actuator drive-controlling unit 54 
stops driving of all the actuators 7, 7A, or 7B so that the image 
signal in the focused state is sent from the determination unit 
55 to the image recording/reproducing unit 56, and recorded 
or reproduced by the image recording/reproducing unit 56. 
0.122 Here, in the first to third embodiments, the opening 
member 4 has been explained as those having a ring shape 
with a round opening portion 4a as shown in FIG. 7A, and 
Such a liquid lens 6 is useful as, for example, a varifocal lens 
device for a camera to be mounted on a thin portable terminal, 
Such as a mobile telephone. Moreover, by providing a modi 
fied opening portion 4b having an elliptical shape of an ellip 
tical opening member 4E as shown in FIG. 7B, it becomes 
possible to correct distortion on the peripheral portion of a 
laterally elongated, image. 
I0123. Moreover, in the case where a modified opening 
member 4C having a rectangular shape and a rectangular 
opening portion 4c as shown in FIG.7C is prepared, the liquid 
lens 6 forms a cylindrical lens. Such a lens is useful, for 
example, as a varifocal lens device for a printer optical sys 
tem. 

0.124. By properly combining the arbitrary embodiments 
of the aforementioned various embodiments, the effects pos 
sessed by the embodiments can be produced. 

INDUSTRIAL APPLICABILITY 

0.125. The varifocal lens device of the present invention 
may be utilized as a device that applies a variable function 
(optical modulating function) of the focal-point position to 
various optical apparatuses to be attached to a mobile tele 
phone, a mobile terminal, an electronic paper, or the like. 
0.126 Although the present invention has been fully 
described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is to 
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be noted that various changes and modifications are apparent 
to those skilled in the art. Such changes and modifications are 
to be understood as included within the scope of the present 
invention as defined by the appended claims unless they 
depart therefrom. 

1. A varifocal lens device comprising: 
a first liquid; 
a second liquid that is capable of forming an interface with 

the first liquid without being mixed with the first liquid, 
and has a refractive index different from that of the first 
liquid; 

a cell in which the first liquid and the second liquid are 
sealed; 

an opening member that is shiftable in the cell, while being 
made in contact with the interface between the two liq 
uids, with the interface between the first liquid and the 
second liquid being remained Stationary by an edge por 
tion thereof, and 

an actuator that is coupled to the opening member, for 
controlling a shape of the interface of the two liquids of 
a liquid lens formed in an opening portion of the opening 
member by allowing the opening member to shift so that 
a position of a focal point of the liquid lens is variably 
controlled. 

2. The varifocal lens device according to claim 1, wherein 
the first liquid is a non-water Soluble liquid, the actuator is a 
polymer actuator of an electric stimulation type, and the 
polymer actuator of an electric stimulation type is included in 
the first liquid that is non-water soluble. 

3. The varifocal lens device according to claim 2, wherein 
the first liquid that is non-water Soluble is an ionic liquid, and 
the polymer actuator of an electric stimulation type is an ion 
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driving-type polymer actuator that is driven by incoming and 
outgoing anions or cations of the ionic liquid. 

4. The varifocal lens device according to claim 3, wherein 
the first liquid that is non-water soluble is ethylmethyl imi 
dazolium-trifluoromethane sulfonyl imide (EMI-TFSI). 

5. The varifocal lens device according to claim 2, wherein 
the second liquid is water soluble, and the second liquid that 
is water Soluble is an aqueous solution of a Substance having 
a specific gravity higher than that of water. 

6. The varifocal lens device according to claim 5, wherein 
the second liquid that is water soluble is an aqueous Solution 
of sodium polytungstate. 

7. The varifocal lens device according to claim 1, wherein 
the actuator is a polymer actuator of an electric stimulation 
type that has a thin plate shape and executes bending opera 
tions. 

8. The varifocal lens device according to claim 1, wherein 
the first liquid, the second liquid, and the opening member 
have virtually the same density. 

9. The varifocal lens device according to claim 8, wherein 
the opening member is a composite member made of a plu 
rality of members having different densities. 

10. The varifocal lens device according to claim 1, wherein 
the opening member is subjected to a surface treatment for 
applying water repellency or hydrophilicity thereto. 

11. The varifocal lens device according to claim 1, wherein 
the opening member has a round shape, a plurality of the 
actuators are disposed alone tangent directions of the round 
opening member in a point-symmetrical pattern around a 
light axis of the liquid lens so that all the actuators are drive 
controlled in Synchronism with one another. 
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